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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a light-weight tire having improved rubber dynamic 
properties by mixing a diene elastomer with a carbon black reinforcement at least partially 
replaced by fullerene or used in combination therewith. 

SOLUTION: 100 pts.wt. at least one diene elastomer is mixed with about 30 to 100 pts.wt. 
elastomer reinforcement comprising at least one member selected among about 5 to 100wt.% 
at least one fullerene carbon having C2n (wherein n is an integer of at least 30), 0 to about 
95wt.% carbon black and precipitated silica. The fullerene carbon is any fullerene having at 
least one coanulene ring structure or an entity containing corrannulene ring structure. The 
fullerene carbon of this kind usually has a specific gravity of about 1.2 to about 1.7. A tire 
made from the rubber composition containing the fullerene is excellent in a balance between 
rolling resistance and tread wear resistance. 
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(7) 



10-168238 
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'jn^ h iJ;nofili, 0Ox.tf«j2^ib 3 01fi%t 

[0 0 4 6] v§&S*T-&j££ti£SBR (S-SB 
R) l±, iiflf, »5*&tt5 0My<-*> K ffiL 
< t±9 **<bft3 6My<—fe> hcofEHoS^L^X^ 10 
l^>£^A,-ev>£ 0 COS - SBRii, Mx.(f#Mt** 

iS"CS*o S - SBR£ffiJB1-£§lft(±, -tjftri**^ 

[0 0 4 7] 3 , 4 - *° U V 7 s 1/ > A ( 3 , 4 - P 
I) i±, m^>ftM/yKft«»i:fflv^i:, * -f 

fc#x.*;K*o C60 3, 4-PIIi, fflittili, 20 

0 8 7, 6 6 8^If*t:i: »} +^^ffi«$ tLT 

& o 

[0 0 4 8] 1, 4 - #ij^yx>^ (BR) 

ti, Wilfl, 3 - 7? v^>o*®?#<K*-C^i#f£fi 
^i:i:oTKt^iy ? T'^o R(i. *a, 

«itfv^ 1,4- S*co^#»^& <H90 %"C 

Wkv^mtftomo ^1, 4 -fv^vy 30 

[0 0 4 9] ±lB0!)*jftli, K^A^f^tLt^ 

WSLK flil^ fwi^ii^^hT-ii, 1, 

J: If ****** fe, *LT«*tf 1, 3 - 

> t^^l^>^L < ti « - y ^-;vxf-u>co J: -? fcif- 

[0 0 5 0] *«yi>OJ|L»a-fr#Oft««li. #0;L 
tfv* 1 , 4 - *°l> yx>, l, 3-7*^yji>(7) 

t ^-^3!r»l»lft**k«)***#ofta««±, «l;ttf 
* ^ u > / y * v ^ > i^fi/>/^v/ 

I' 50 
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[0 0 5 1 ] Wf,AftS-5^^>ft h Utx K 
*<flfi«i, JtSMKlittO. BHftlOph 

(i, *a« i^J:^^M^iifl^W^f7 l J >« 

tmstix^&o mm±M<nmm*i±m 1 *e>» 5 P 

h r"C** 0 ft*»BMkl»jh»«i* Witfy^x-)!/- 
p - 7x-i/>y7^>, £ J: V, ffilxj f g> >r*;i/if 

)V ^JA^> K7'7 g ( 1 9 7 8$) , 344-34 

*o *vr>«H»jh*Jo«i»*li|&0. 5*5>*$j3ph 

ffl1-&&*>, ^-OfliifcSliftO. 5^^3phrT** 
£o *«MteJfl*J (peptizer) <n»m*im 
0. 1 ^fettl p h r-C**o ft*»*««9ffiJt*J«i, 

Ky7x-Jl/y^;V7>f KT^^ 0 
[0 0 5 2] ^fcfiKjtafbM^ffttT-Cft^ti^o S 

BJBfe^mift^nTv^j:^^. «*BMb#J«±i»0. 5 
^f)ft4 p h rOOii^l-Cfi^tL^^ m&^X-o 

rt±^8 P h r *x~i><Dm-em^bti&zt * 

LTfil. 5*»C>ft2. 5 p h r . B#U<J 2 2. 5 
p h r (D&m&ft* L^o 

[0053] mfcttaaiiWfttC'j&fffti^iiiiisitf/a 

aiPJ (±*W «it*0. 5H«4ph 

r, SiKiiSO. 8ri»fcftl. 5phr^)81tffl 

&3 P hr) o znbofemmo&&&t>^i±Mmm& 



(8) 
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m, fry-m ^^7x 

[0 0 5 4] *I69!<0<> 9-O(0ft#^^-C(i, -e<7) 

<7)g(i&J5^^9 Ophr, ^CJ:ottife2 5^ 

y^^^^-^y'J^i: OfifiJfc^ 0 . 1 / 1 
fcftO. 2/ 1 o|EBKfc&*'&3 tL^o 
[0 0 5 5] «£ Cfitl»^>f*a*tf^^ > h (v 20 

U#) *r**T, =fA»*fflii^fflv^tL-6-ftfl936:^ 

U »> AoK«i31-et»?>^* & coco J: -9 v 1 ; 
[0057] ^rcoj: -9 & y'J *t±, ast#*£Jflv>Tay 

^L*C, mJLimZ L< lift 4 0**>»6 0 OmVg 
COJSH. £ *9 Hr3t-ii#J 5 0 frhffi) 3 0 OmVg cofii 30 
I^BET*H»ttt4tf^1tt^**o ^coSE® 
««riB5e+*BETffi«±#aft**B ( Journal 
of the American Chemical 
Society ) , ^6 3 0 41 ( 1 9 3 0$) 

[0 0 5 8] ^y^(t ¥*&**tta* , « : f««* 

H-C*&i: : FfflSii*o :Oy'J*e^^$HWW« 
fflU#Jt1"* - J£lc#iJ<h LT$IJ 

ffiSrtttt"fK^1-i. PPG^f^^b'J-Xtt (PP 40 
G Industr i es) — (Hi - S 

i I) tv^«»B«*T?, 2 1 0. 2 4 3 ^^0]gp a p 
#^T-rMfc£*LTV>& y'J * ; D-> • 7-7>tt (R 
hone-Poulenc)^, PJilf VN 2 J: 
VN 3 fcv^B*-ClUR3*lTv»* v'J # ; &XXfT ? 
#;W± (Akzo Chemical) 

[0059] *«wo^ajaE»^a-frji^Aa#aiif 



14 

ti, a«-i*, a*. *nic^"t**wt»aa^i9:Bf 
(-xetfci±«»x«) ^a^aau &fiv*aaE* 

>it»#-oi fci±**n3L±o*wfc»»a*xa-ca 

[0 0 6 0] 

«3*1-*BM*e>, *»S**«rt-4fc*S>0*jSl«>»]||l 
[0 0 6 1 ] glifcffij l 

[0 0 6 2] JRpH, #ffl^^aMtffl*-**>r9 y ^ 
N 2 9 9 «r*tr^Att*»**il»Sit, *Lr*3H(|« 
T-iiRfiNo. 1 fc£fJtte>*t"C^* 0 

[0 0 6 3] f ffi O ^i, 5|f * - > 7 7 N 6 6 

[0 0 6 4] C&0/70 77-k>?:i^:t(077-V 

[0 0 6 5] ■7^-l^>ft^^aaiL7 , iC6o/7o "79 

ffil-CJiKfl-No. 4 t*#*tfc^"Cv»J6 0 
[0 0 6 6] *0*l*C*Stl6«-C«v^^jfldE»Sr 

^) o 

[0 0 6 7] 

mi] 



(9) 
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3cl 





=tai o o&mtz0(om&. 




10 0. 0 0 




45. 00 




5. 00 




2. 00 


mm®* 


2. 00 


mitm±m* 


0.5 0 




1.6 0 




3. 00 


mm 9 


1. 20 



10 



[0 0 6 8] 1. *>fir 7>K 

-tt (Goodyear Tire&Rubber C 
ompany) frb A# L > t F y > (Natsy 
n : fifiiStK) t ItafbtLTV^Mv^ -1,4- 

>f V7>u> ; 

[0 0 6 9] 2 . -e-tl-eaxUfc *) > N 2 9 9 . N66 
0, C6O/70 77-P>^i4U:t^)77-U>l, 
011*5 J: IT 7 Oi^Ii^^ffi^V^-b 
> t^trfflEri* <b jfiffl $ *i*:3M8C«vto V v - 1/ > K L 

^ ; 

[0 0 7 0] 3. J.*V>*t (Exxon) ^^AfL 
fc, 7 U*V> (F 1 e x o n I SSffilR) 64 UL 

[0 0 7 1 ] 4 . ^ 4 h (Witco Compa 
n y ) frbX^Lfz, 4>yAYU> (Industr 
en :SSiS«) tUaibtLtv^N- (1, 3-v 



20 
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-N'-7i-;v - 1 , 4-7x-v>y 

r < > ; 

[0 0 7 2] 5. 7U^y-X T > 'j # L . P . tt 
(Flexsys Americ aL. P. Comp 
any) frbX^Ltz, t>h7U^^ (Santo 

fiexisiiiss) n^ita^tLrv^t^^f 

[0 0 7 3] 6. 7l/^y-X T> "J * L. P. f± 
frbX¥> Ltz, h if- K (S a n t o g u a r d : 
SAffifll) PVIDSiLrflthmN-y^nA 
^y;i/7^7x-;i/7^W? K ; 

[0 0 7 4] 7. JX-n^-V;W± (U n i royal) 
*<bA#Lfc, f7 y * (D e 1 a c : gUiffiffiS) NS 
t LT^^tLTv^N - t - - 2 - ^>7f7y 

-il/^jl/7x>7 ^ K 

[0075] 8 . mtw& ; 

9. =fA>« -*-fflfiEHo 
[0 0 7 6] =TA»ffi»(±, flMfc#jh#k 

tM&4#BK ttl 6 0t^ia*^*&t-ca*-r*ii: 

[0077] *v*-e, »e>n^^Aa#»^*H!*=fA 

[0 0 7 8] ±BO«*(-C»e>nfcP«it»«r*2^4 

/Co 

[0 0 7 9] 
[*2] 



30 

3E2 





1 


2 


3 


4 


hU y K • ^— 
^77? N 2 9 9 


4 5 pbr 








7 7 -*X*-^y 
N6 6 0 




4 5 phr 






C 8 o/7o 7-5-U>»*ft 






4 5 phr 




7 (77-uyg 

J&^Jft&L/c C 6 o/7o ) 








4 5 phr 



[0080] C60/70 y^-u>Rmi±, z<om 

[ 0 0 8 1 ] ^>f ■VOStfflttfigtcjsv^-can^^'ttffiX 
*Rfet~tZ> t(Oti4e ^3>^-)> KOfc^f 'J 



[0 0 8 2 ] te»14R«-Cli, fitfK 9Ll&&XV*tLh 
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[0 0 8 3 ] fflE"C#J!HLrt:BI 1 11(4, h y y * 

X • yXf A - I V^E (Rheometrics S 
ystem IV instrument) T% Z<Of$. 

?|r*t#t>tL^T'-^^$^xrv^ 0 ^co^^ti. fc: 10 
;v, H. E. (Hi l l, H. E. ) o^>k- 
K (Rubber World), 189 (3), 15 
-2 31 (1 9 8 3^) co h'J'^X *J7- 

7ss<? Yuj-riZX&^ACO^tnft&it (C 
haracterization of Rubber 
Cure with the Rheometric 
s Mechanical Spectromete 
r) " , itzlt Vr >7*;vtf;v V(D=f^/^> YjTv 
*13 )K, 542-561 H, ( 1 9 9 0^) USiW 2 

tLTV^o 20 

[0 0 8 4 ] HI lc££>;M* 4 ? tc, ?ft^lC6o/7o 7 ? 

(l**4No. 4) , 7?-ls>m Wo. 
3) teXXf— M77-^^ • r77^N 6 6 0 (IsW 
No. 2) «r^tf=fAtt#(i, £*t\ G' COH^IBITV^ 
* £ i: T? 5* 3 *i * J: d ic , * o * - >co SUfcttt g 

2 9 9 *:*tr ^Attfl- »o. 1) tiffi^U&JJfc 
Bffctttt*S*Lfco L*U *-#>OSfcfttttti*^» 

nrtBtt***^HU«iilfen*o HI IzfLbti* 4^t:i, 
C60/70 7 7-U>**tf=fAWH. (Stfl-No. 4) (4 

14*** - jft* - ft*«Sftfflo««o« 

JS^4 19 /h$ <, rt»"e«*1-&«i**JttS[W/hSv^i 

£ft(±«i&TS4 Lv*tt*-c*& 0 C60/70 43* 

(MNo. 3) ^i<^-fe77-^^777^N66 
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Qi&tr**im (RftNo. 2) (4rtffl«±J5k'<7> 
>N 2 9 9 *-&tr^K«- (RSNo. 1 ) 14, 

[0 0 8 5] ±E"C#J» L fcH 2 t4, Ut^ h 'j 7^^ 

^]&^}X*cr>—M<D^MB^\ (strain sweep 
s) ^SLTV^o dO[HT*i4, ^KffHC^fcG' 45 

tr^AK» (ttft 3 45 0:^4) (4, 

IBIft^R^Lft^it^ft^^&o ;r*U4, FI/7 
K-7'777N 2 9 9 (R»N o . 1 ) 45 4 Xfy r - * 
X7'77^N6 6 0 m^ltf4 OTNo. 2) -C 
£,<b*i&ffi»£l4t4«3 § ^Motv^ ; ^^x^co^i 

R^oTV^^i: SrTjrf, (generate 
d curves) W*i66i:*jvfl»i:J: 0*Sftt 

[0 0 8 6] ffE"C#RBLfcH3«±, 16 0*0, 60& 
^ST^-|^l/t^77^t^T^^ 0 C4Lib 
— &<DffiHi4, 77-l/>^ttf^|tWi7 7-^^ 
7^7 y * itz\± M/7 K • 7^7 7 ^ov^-f n^Sr-g-tf ^ 

tt^o ?a«iC«v7o 7 7-l^>«:fflv^S^ (Rfl-N 

o. 4) , mkm^iffi!*fc&izm±2tLX\<*&t\t* j ) 

ffifcKWt4. 77-l/>7& ? 7V*;l/«fi»ltlTftl 

[0087] ±Eo«»u«i-*ainio»att«*ttfto 

[0 0 8 8] 
[*3] 



50 



(11) 
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20 





No. 1 


No. 2 


No. 3 


No. 4 




N299 


N660 




C e d /I 0 


ODR90 0x 160^ GfeflMt^) 1 


*'hMl>? (dNm) 


8.7 


6.8 


13.5 


9.6 


(dNm) 


35.0 


3D. 5 


28.4 


30.5 


T aB (#) 


8.7 


9.9 


9.5 


12.3 


T 5D (#) 


9.6 


11.0 


12,7 


14.5 


T, 0 (#) 


11.1 


12.6 


18.4 


17.8 






67.9 


76.3 


72. 0 


79.6 




300X^6 v n v X (MPa) 


9. 22 


7. 54 


4. 58 


5. 56 


CMPa) 


24.2 


21.0 


8.9 


17.9 




^o-Ttfh 4 (25*K 16 OX:) 






160 


107 


132 


102 


^a-T'? hffH (#) 


33 


>60 


4 


>60 


MJ v^X • WAI V G (2 5°C. 1Hz) 


G* CUPa), 2 % &3B 


23. 00 


12. 00 


9. 56 


8. 77 




0. 1605 


0. 0798 


0. 0655 


0. 0258 


G' CUPa), 10* 


14. 64 


9. 63 


9. 10 


8. 50 




0. 1782 


0. 0951 


0. 0688 


0, 0295 


G' (MPa), 50* 


9. 68 


7.57 


7.44 


7. 65 


9ls7)\<2, 50* £S2 


0. 1222 


0. 0654 


0. 0715 


0. 0288 


h V v Ffftttt* 


D I Nfffftt 


156 


248 


236 


234 



D/2 0 8 4 



" U * * h »j y 9 
1 5-231 



[0 0 8 9] 1 . ASTM 

2. DIN 5 3 5 1 2; 30 

3. ASTM D/4 1 2 ; 

4. ASTM D/6 2 3 ; 

[0 0 9 0] 5 . yjr^z h\ 

#1±fL M > H. E. 18 9(3) 

( 1 9 8 3^) , i fzlt Vr >T)V\£)V Y<ozfJ*;\> K 
2^L2L> S13R 5 4 2 - 5 6 11, ( 1 9 9 0*) 
KKWSti-cv** ; 45 J: W 

[0091] 6. DIN 53516c 

[0 0 9 2] -0^lc^$^Tv^- = O^S:^#l8fc 40 
l±, ^ty KU vm% (G o o d r i c 

h Blowout test) Tifjii^ iP 

o^ft> 1 0 2K:<oi&mz%zu&<D9km*mLtzo z. 

tlli, C<7)rf A 3 > fM4 ( i n t e g r i 

t y) ^f^iJSoT^Citfto £ biz, Vir 
* Y l J y ?X • v^-r A I V*ffiv**K)MRffcli, *7 7 
-^>K*«r*tr^AR»-CI±, Y\syY-?7y?% 



ft*IS*fc Wattle *iSUJ: *) 77 y hfrffi&Sr^L 

tZo G' OfiKi, C60/70 70 77" U>%&tt 3*A^fl- 

t8. 7 7frb7. 65 (/Al . 12) , 77-l/>l 
£^trn^l£#-e9. 56*^7. 4 4 ( A 2 . 1 
2) , 7 7-^^7*7 7^ N 6 6 0 ^^tf^^Ht 1 
2. 00^t>7. 57 (A4. 43) , f LTN299 
hWy K • *-r/77 7 ^*:^tr^Kfl.-C2 3. 0 
0t)^9. 6 8 (A 13. 3 2) ^«lt^o/: 0 Zo 

[0 0 9 3] W«U, VKtttrUy 'JJt>*«iJtttL 
t\ 7 7 - 1/ > r 7 7 ^ S:^tr jfiffift-Cjf i Lv* 

i&ri^ti/^ j: nA»ttz^ffl^tsaat (-t »>**t» 

U>*L£v> 0 DIN*fflt# 

*l£o Lrt>U M/7K7 , 7^N 2 9 9 ^tf^t 
/&^£C6o/7o- 7^-l^>a«»4:*tf^jtttf:*tit 

14(7 9. 6) (i. (D I Nffi^tt-C^aOStL*) 2 3 
4 0li4r^-TA»4 FUy K«»Htk«<«imo 



(12) 
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21 

(96 is v > *mx^m m&<v ^ht^ ©t/t 

14116 7. 9 (ttJEeoUffltete) m*FUyfV7 
(D I N**ie-C*»Siia) 1 5 6 0ttttt*ftfi 

huyvmn&tnm0zo&&*ian&i±. 77-1/ 

[0094] fr< Lt, ^Siirv^i 77-1/ 

&o 20 

[0 0 9 5] 

fcKlE5e$*t£cD-et±ft < > tr L*4rorfAi:f 
ffi^**;it*&»Lft«tfttfft<bftv\> #|§IBl±, rf 

*vm4*^**«*5SL < ttlTOBKflMfto J: 7 ft*® 

7J - sK > 14 If t, If COS^ L < tt h <0*£<&»»ft: 30 

[0096] mmm^x^x, z<oa 

fltA^> h^rv>f;M7^>OJ:^ ftfeSkR 

»K i/v>yy-;K7)j: 7 fttt^D a D<7)M£ h 
*Tif*::fc, £L<iiS§&;i£-<h£;L^f^ft 

- CH20H#*4o iMfflttft* 



22 

(cage molecule) OS^^S) % :tit: 

[0 0 9 7] SfeURW+tLtf, #»803S Lv*S8» 
14, Htfctt«a*t LT#ft-t*7 9-U>lft3lE*W 
fflt4ikt*4*», *SM8l4£ftfcR5feS*Lftv^i: 

U>»ifit*+&W*^iiiD^) ft 

[0 0 9 8] *»«J:flSt*B»T- 7E<7>ttS 

#KI4, *Sn«)fl[tt2:Klt:ftKt£ i t ft Lt:, * 
0*-C«^4*3EkllFjE*ftL»*Cil±Wb3»»"C** 

■9 o 

[HI] Bl(i, S^N7'03!i-* , >y7^ (K 
»l*5J:tnWR2) > fcJ:tT7?-U>#*aMfc*f (1* 
£f3 ££0^1*4) Sr*tr4ao=fAttjaMSt?^, ^tt 

[0 21 B2(i. iftK»2 SCosea, — ^coi'MVy 
(Hz) »5l«&»i3 it^^fc 5 0'<~fe> 

77^dN-m (t^v-j.- h > • JfMiT^L 

[14] H4«±, ^rr^ u>sw*»oh«*3*bi-c* 

[15) H5ii, -OO77-l/>flC0^77^l^>S 

*«oinnE*ia-c**o 



03) 0- 1 6 8 2 3 8 



[HI] [12] 





o J \ 1 1 f \ i 1 1 1 1 1 

OJ 2345G7B9J0III2 

■sua <#) 



[15] 



(14) 



flfH^l 0-168238 



7D> h^- vtf>JS§ 



(51)lnt.a. 6 
// B 6 0 C 1/00 
B 2 9 K 9: 00 
507: 04 



F I 

B 6 0 C 



1/00 



(71)ffiKA 590002976 

1144 East Market Stre 
et, Akron, Ohio 44316- 
0001, U. S. A. 



>, K7^^ 3751 

(72)^0^^" =MJ-> • 7')- • >if- 

T> V #-g*S*'>>f *jlt|44319, T^n 
> , * y * * ■ K7>f/ 638 



